has questioned again the validity of the endogenous creatinine clearance for the clinical estimation of the glomerular filtration rate. Based on 308 simultaneous determinations of inulin and creatinine clearances these authors reported that the creatinine clearance overestimated the filtration rate as measured by inulin in both normal patients and those with kidney disease. Not only did the ratio of creatinine clearance to inulin clearance increase as filtration rate declined but they also found a ratio greater than one in the normal range. If these findings are valid, then the usefulness of creatinine clearance as a screening test of renal function would be limited.
Spiegel. E. A., Wycis, H. T., Schor, S., Schwartz, H. A., and Fabioni, F. R. (1969 Ebert, R. V. (1941) . Archives of Internal Medicine, 67, 546. Thomas, J. E., and Schirger, A. (1970) . Archives of Neurology, 22, 289. Vanderhaeghen, J. J., Perier, O., and Sternon, J. E. (1970) . Archives of Neurology, 22, 207. Verel, D. (1951) . British Heart)Journal, 13, 61. Yahr, M. D., Duvoisin, R. C., Hoehn, M. M., Schear, M. J., and Barrett, R. E. (1968 Priming doses of 10% inulin of 50 mg/kg were given followed by a constant infusion of 2 ml/min with an infusion pump (Porter et al., 1966) . Forty-five minutes were allowed for equilibration and no clearance was used unless plasma inulin was 25-35 mg/100 and urine flow was at least 2 ml/min. All studies were done in supine patients without water loading. Complete urine collections were insured by indwelling bladder catheterization and aspiration of the bladder followed by two air rinses after each 15-minute clearance period. Inulin was determined by the method of Roe et al. (1949) and endogenous creatinine by a total chromogen method as described by Haugen (1953) . After equilibration three 15-minute clearances were averaged. Duplicate samples of blood and urine were processed for inulin and creatinine. Inulin duplicates varied by 1-7±3% for plasma and 2-2±2% for urine, while creatinine varied by 0-4±1-3% for serum and 0-2+0-30/0 for urine. Thirty-nine patients had successive clearance studies repeated one hour after the initial study while still in a steady state of plasma inulin and urine flow. Clearance rates were computed by the standard formula (Homer Smith, 1956 ) but correction to a standard body surface area was performed only in the 19 cardiac catheterization patients. with Cin greater than 50 ml/min and those with less than 50 ml/min the difference in the mean Ccr/Cin ratios of the two groups were not statistically significant. These data are shown on Table I . These results would seem to support the contention that Ccr is an accurate reflection of filtration rate as measured by inulin at any level of renal function. Table II lists the data obtained from the 39 patients who had successive clearance studies after an hour while in a steady state of plasma inulin and urine flow. The differences in the first and second clearances, expressed in absolute terms and as a percentage of the mean clearance, are shown in Table III . For the 26 patients with inulin clearances greater than 50 ml!min the absolute changes were larger but the percentage changes were similar to those of the group as a whole. For the 13 patients with inulin clearances less than 50 ml/min the percentage changes in successive studies were over 20% of the mean clearances.
Clearance data are available for the 19 cardiac catheterization patients expressed as ml/min/1 -73M2. For inulin the value is 88±16 ml/min compared with 84±18 ml/min when the clearance is calculated without factoring by surface area. Simultaneous creatinine clearance is 85±17 expressed as ml/min/1-73M2 versus 82±20 ml/min. These differences are not statistically significant.
Discussion
The endogenous clearance of creatinine has attained widespread clinical usage as a convenient, accurate measurement of glomerular filtration rate. Data published by Kim et al. (1969) have suggested that the endogenous creatinine clearance overestimates the true filtration rate as determined by inulin clearance throughout the entire range of renal function. This conclusion is at variance with our data shown in Fig. 1 and Table I in which a striking correlation between inulin and creatinine clearance is evident. The ratio Ccr/Cin which we obtained is similar to those of other investigators as noted in the review of Doolan et al. (1962) . In analysing the data of Kim et al. two possibilities are suggested for the discrepancy. Firstly the normal values they report for inulin clearance-that is, 95±17 ml/min for men and 94±16 for women-are considerably below the 124±26 for men and 109±13 for women published by Homer Smith (1956) . Secondly, it is possible that their patients were not in a steady state after preclearance water loading. It has been shown by Porter et al. (1966) that sudden augmentation of urine flow may "wash out" a reservoir of creatinine, presumably from renal tubular cells. The increased rate of tubular transit tends to make the U/P ratio for creatinine less at any one time, creating a more favourable gradient for creatinine excretion. The net effect during the period of "wash out" would be for creatinine clearance to overestimate simultaneously measured inulin filtration rate.
It has been well established that creatinine can be secreted by the renal tubules particularly if the glomerular filtration rate is decreased-that is, Ccr >Cin (Brod and Sirota, 1948; Miller et al., 1952) . This is usually true only if the serum creatinine is measured as true creatinine and not as total chromogen. When the latter is used (most clinical laboratories and autoanalyzer techniques) the addition of non-creatinine chromogens increase the measured serum creatinine and cancels out the urinary creatinine contributed by tubular secretion. The absolute amount of non-creatinine chromogen stays relatively constant as the filtration rate falls and true creatinine rises with renal disease. Thus the creatinine clearance tends to increase in relation to inulin when tubular secretion is maximal (low filtration rate) and non-creatinine chromogen is a small fraction of serum creatinine. Skov (1970) showed that with severe renal disease Ccr may overestimate Cin. Twenty-two of his patients had Cin less than 5 ml/min while our series had only four patients below 20 ml/min. The low filtration rates of his series no doubt account for the higher Ccr/Cin observed.
What was variable in our study were successive inulin or creatinine clearances while in a steady state, and this was true of the normals, the post catheter patients, and those with renal disease. Table II and III summarize these data both in absolute ml/min and in per entage. The change in successive creatinine clearance reached as high as 27°h in the 13 patients with inulin clearances < 50 ml/min. It is noteworthy that this is the range of filtration rate found in many patients with various renal diseases and after renal transplantation. If the spontaneous variability of filtration rate is not recognized erroneous conclusions as regards progression of disease or results of therapy may be drawn. Though with a 24-hour clearance of creatinine the variability of successive clearances might be minimized, the urinary excretion of creatinine is also inconstant as Edwards et al. (1969) emphasized. Further, it is obvious that variation in the production or excretion of creatinine cannot explain the inconstancy of inulin clearances.
In 30 of the 39 patients successive Cin and Ccr changed in the same direction, increasing 16 times and decreasing 14 times. In the nine instances where Cin and Ccr varied in opposite directions the deviations were extremely smallthat is, the values were virtually the same. Thus the change in successive clearances seems to be random. Brod and Sirota (1948) found that proteinuria enhanced creatinine excretion and thus increased Ccr in relation to Cin. In our series proteinuria was just as common when Cin was less than Ccr as the converse. Studies by Hilton et al. (1969) support this conclusion.
